A digital signal processing approach to analyze gel electrophoresis image by Abdullah, Noor Ezan
vii 
 
TABLE OF CONTENTS 
 
 
 
 
CHAPTER TITLE PAGE
 DECLARATION ii 
 DEDICATION iii 
 ACKNOWLEDGEMENT iv 
 ABSTRACT v 
 ABSTRAK vi 
 TABLE OF CONTENTS vii 
 LIST OF TABLES x 
 LIST OF FIGURES xi 
 LIST OF ABBREVIATIONS xiv 
   
   
1 INTRODUCTION  
 1.1 Introduction 1 
 1.2 Problem Statement 3 
 1.3 Objective of Project 4 
 1.4 Scopes of Project 4 
 1.5 Significant of Project 5 
 1.6 Thesis Organization 5 
 1.7 Gantt Chart 6 
 
2 LITERATURE REVIEWS  
 2.1 Introduction 8 
 2.2 Related Works 8 
 2.3 Background of Project 11 
  2.3.1 
2.3.2 
DNA structure 
Gel Electrophoresis Matrices 
11 
15 
viii 
 
2.3.3 
2.3.4 
2.3.5 
Gel Electrophoresis Process 
DNA Ladder (DNA Marker) 
Gel Electrophoresis Image 
16 
18 
19 
 2.4 Image Processing 21 
  2.4.1 Image Processing Toolbox (MATLAB) 21 
 2.5 Digital Image Processing 22 
  2.5.1 
2.5.2 
2.5.3 
RGB Color Model 
JPEG Format 
Thresholding 
22 
24 
25 
 2.6 Statistical Analysis 25 
 2.7 Curve Fitting Toolbox 26 
 2.8 MATLAB Software 27 
  2.8.1 MATLAB Language 28 
 
3 METHODOLOGY  
 3.1 Introduction 30 
 3.2 Project Overview 30 
 3.3 Data Collection 32 
 3.4 Image Storage 33 
 3.5 Pre- Processing 33 
  3.5.1 
 
 
Algorithm Procedures and Results 
3.5.1.1 RGB Color Image 
3.5.1.2 Grayscale Image 
33 
34 
35 
 3.6 Lane Detection 35 
  3.6.1 Algorithm Procedures and Results 35 
 3.7 Band Detection 
3.7.1 Algorithm Procedures and Results 
39 
39 
 3.8 Unknown Band Estimation 43 
  3.8.1 Lane Comparison 44 
   3.8.1.1 Algorithm Procedures and Results 44 
  3.8.2 Curve Fitting Approach 50 
   3.8.2.1.Curve Fitting Procedures and 
Results 
50 
ix 
 
     
4 RESULTS AND DISCUSSIONS  
 4.1 Introduction 59 
 4.2 Experimental Results 59 
 4.3 Discussions 59 
 4.4 MATLAB Source Code 61 
  4.4.1 
4.4.2 
4.4.3 
4.4.4 
4.4.5 
Imread 
Imshow 
While 
Else 
End 
61 
61 
62 
62 
63 
 
5 CONCLUSIONS AND FUTURE RECOMMENDATION 
 5.1 Conclusion 64 
 5.2 Future Recommendation 65 
 
REFERENCES 66 
Appendix A 69-73 
 
 
 
 
x 
 
LIST OF TABLES 
 
 
 
 
TABLE NO. TITLE PAGE 
1.1 
1.2 
2.1 
2.2 
Project Proposal schedule 
Final Project schedule  
Basic colors 
Mix colors to produce the desired color 
6 
7 
23 
23 
3.1 Migration distances for different molecular weights in 
the standard ladder 
 
51 
 
xi 
 
LIST OF FIGURES 
 
 
 
 
FIGURE NO. TITLE PAGE 
1.1 The migration process of DNA  2 
1.2 Original image of Gel Electrophoresis 2 
1.3 Gel electrophoresis image 4 
2.1 The chemical structure of DNA 13 
2.2 The structure of part of a DNA double helix  14 
2.3 A single nucleotide 14 
2.4 Double stranded DNA  15 
2.5 Schematic drawing of the electrophoresis process  16 
2.6 An example of gel electrophoresis process set  17 
2.7 Sample of DNA marker of 100 bp  18 
2.8 An agarose gel with a 1 kb DNA ladder (far by right) 19 
2.9 Samples of Gel Electrophoresis image 20 
2.10 Representing Agarose gel electrophoresis of DNA 
fragments 
 
20 
 
2.11 A Representation of additive colour mixing  24 
2.12 Matlab programming example 29 
3.1 Methodology process flow 31 
xii 
 
3.2 Samples of gel electrophoresis images 32 
3.3 Pre – processing stage algorithm 34 
3.4 (a) Original RGB image 34 
3.4 (b) Grayscale image after resized 34 
3.5 Grayscale image 36 
3.6 Resultant plot at the rowt position 37 
3.7 Lane detection algorithm 38 
3.8 Histogram image with identified th_level 40 
3.9 The identified location of lane, Lk in the threshold 
image 
 
 
41 
3.10 (a) Sample for no DNA exists before threshold 42 
3.10 (b) Sample for no DNA exists after threshold 42 
3.11 (a) Sample for DNA exists for sample of DNA marker 
before threshold 
 
 
42 
3.11 (b) Sample for DNA exists for sample of DNA marker 
after threshold 
 
 
42 
3.12 (a) Sample for DNA exists for unknown DNA before 
threshold 
 
 
42 
3.12(b) Sample for DNA exists for sample of DNA marker 
after threshold 
 
 
42 
3.13 Band detection algorithm 43 
3.14 Sample data stored after standard deviation 
calculation 
 
 
45 
 
3.15 Sample stored standard deviation data which contain 
more than one DNA marker 
 
 
45 
3.16 Sample image with more than one DNA marker 46 
3.17 Sample stored deviation data which contain only one 
DNA marker 
 
46 
xiii 
 
3.18 Sample image with only one DNA marker 47 
3.19 Sample stored standard deviation data which contain 
only one DNA marker 
 
 
47 
3.20 Sample image with only one DNA marker 48 
3.21 Lane comparison algorithm 49 
3.22 Command window 50 
3.23 Curve Fitting Tool GUI 51 
3.24 Sample gel image 52 
3.25 Import data into command window 52 
3.26 Curve Fitting Tool GUI window 53 
3.27 Import data window 53 
3.28 Curve Fitting Tool GUI window 53 
3.29 Fitting window 54 
3.30 Sample of 3 fit model types 55 
3.31 Best fits results of exponential curve 55 
3.32 Fitting results 56 
3.33 Threshold image 57 
3.34 Curve fitting plot for migration distance of data 58 
 
xiv 
 
LIST OF ABBREVIATIONS 
 
 
 
 
A  - Adenine 
bp  - bits per pixel 
bpp  - base pair 
BMP  - Bitmap image 
C  - Cytosine 
DNA  - Deoxyribonucleic acid 
EM  - Expectation – Maximization 
FORTRAN - The IBM Mathematical Formula Translating System 
G  - Guanine 
GE  - Gel Electrophoresis 
GUI  - Graphical User Interface 
IMTOOL - Image Processing Toolbox 
JIT  - Just –In-Time 
JPEG  - Joint Photographic Experts Group 
KB  - kilobyte 
MATLAB - MATrix LABoratory 
MB  - Megabyte 
MW  - Molecular Weight 
OOP  - Object – oriented Programming 
PFGE  - PulsedField Gel Electrophoresis 
RGB  - Red, Green, Blue 
RNA  - Ribonucleic acid 
ROI  - Region of Interest 
Std  - standard deviation 
T  - Thymine 
TLC  - Thin Layer Chromatography 
UV  - Ultraviolet 
xv 
 
 LIST OF APPENDICES  
 
 
 
 
APPENDIX TITLE PAGE 
A Source Code MATLAB for Gel Electrophoresis 
Analysis 
 
69 
 
